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SULFATE SOVTR nTSSQUTTTOM 

mis invention relates to sulfate scale dissolution. 
More particularly the invention relates to compositions and 
methods for dissolving an alkaline earth metal sulphate scale, 
especially strontium and barium sulphate scale. One invention is 
particularly useful for the removal of such scale from oilfield 
equipment including downhole pipe, tubing and casing as well as 
subterranean formations. It is also applicable to the removal of 
these scale deposits from other equipment such as boilers and 
heat exchangers. 

Reference is hereby made to our copending patent 
application of even date entitled "Method of Decontaminating 
Earth and/or Natural Gas Processing Equipment". Many waters 
contain alkaline earth metal cations, such as barium, strontium, 
calcium and magnesium, and anions, such as sulfate, bicarbonate, 
carbonate, phosphate, and fluoride. When combinations of these 
anions and cations are present in concentrations which exceed the 
solubility product of the various species which may be formed, 
precipitates form until the respective solubility products are 
no longer exceeded. For example, when the concentrations of the 
barium and sulfate ions exceed the solubility product of barium 
sulfate, a solid phase of barium sulfate will form as a 
precipitate. Solubility products are exceeded for various 
reasons, such as evaporation of the water phase, change in pH, 
Pressure or temperature and the introduction of additional ions 
which can form insoluble ccmpounds with the ions already present 
in the solution. 

As these reaction products precipitate on the surfaces of 
the water-carrying or water-containing system, they form adherent 
deposits or scale. Scale may prevent effective heat transfer, 
interfere with fluid flow, facilitate corrosive processes, or 
narbor bacteria. Scale is an expensive problem in many 
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industrial water systems, in production systems for oil and gas, 
in pulp and paper mill systems, and in other systems, causing 
delays and shutdowns far cleaning and removal. 

Barium and strontium sulfate sea l* deposits present a 
unique and particularly intractable problem. Under most 
conditions, these sulfates are considerably less soluble in all 
solvents than any of the other commonly encountered scale-forming 
ccnpcunds, as shown by the comparative solubilit ies given in 
Table 1 below. 



Table 1 

Comparative solubilit y. 25°c In 'mtw. 

Sals Sstobjlitz, BELZL 

Gypsum 2080.0 
Strontium sulfate 140.0 
Calcium Carbonate 14.0 
Barium sulfate 2.3 



It is generally acknowledged that barium sulfate scale is 
extremely difficult to remove chemically, especially within 
reasonably short periods of time: the solvents which have been 
found to work generally take a long time to reach an equilibrium 
concentration of dissolved barium sulfate, which itself is 
usually of a relatively low order. Consequently, barium sulfate 
must be removed mechanically or the equipment, e.g. pipes, etc. , 
containing the deposit rust be rfSeffayr^ 

The incidence of barium sulfate scale is worldwide, and 
it occurs pri n cipally in systems handling subsurface waters. 
Because of this, the barium sulfate scale problem is of 
par ticular concern to the petroleum industry as water is 
generally produced with petroleum and as time goes on, mor e 
petroleum is produced by the waterflooding method of secondary 
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recovery, inplying even greater volumes of produced water. Hie 
scale may occur in many different places, including production 
tubing, well bore perforations, the area near the well bare, 
gathering lines, meters, valves and in other production 
eq uipme nt. Barium sulfate scale may farm within 
subterranean formations such as in disposal wells. Scales and 
deposits can be formed to such an extent that the permeability of 
the formation is impaired resulting in lower flow rates, higher 
pump pressures, and ultimately abandonment of the well. 

Barium sulfate scale is particularly troublesome when 
sulphate-rich seawater is used as an injection fluid in oil wells 
whose formation water is rich in barium ions. Ohis particular 
aspect of the barium scale problem is severe in some U.S. oil 
fields as well as some older North Sea oil fields. Scaling of 
this nature is also expected to occur during advanced production 
stages in other North Sea fields particularly after seawater 
breakthrough has taken place. 

Another problem associa t ed with the formation of barium 
and strontium sulfate scales is that radium, another member of 
the alkaline earth group of metals tends to be deposited at the 
same time so that the equipment becomes radioactive, and may 
eventually have to become unusable for safety reasons alone. At 
present, a considerable amount of oilfield tubular goods are in 
this condition and cannot be readily restored to usable condition 
because of the difficulty of removing the radioactive scale 

Various proposals have been made in the past for removing 
barium sulfate scale chemically. Most of these processes have 
uti l ised chelating or cotplexing agents, principally the 
polyaminopolycarboxyUc acids such as ethylenediaminetetraacetic 
acid(H>TA) or diethyler»triaminepentaacetic acid(DIPA). 

US-A-2877848 fHsr l o sos the use of IDEA in combination 
with various surfactants far this purpose. U5-A-3660287 rHgro 
the use of EDIA and OTPA in the presence of carbonate ion at 
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relatively neutral pH (6.5-9.5) and tJS-A-4,708,805 discloses a 
process for the removal of barium sulfate scale by sequestration 
using an aqueous solution of citric acid, a polycarboxylic acid 
such as carbazic acid, and an alkylene^lyamincjwlycarbcoylic 
acid such as EHEA or EfEPA. One preferred aqueous sequestering 
solutions have a pH in the range of about 9.5 to about 14, 
provided by a base such as potassium hydroxide or potassium 
carbonate. 

Another approach which has recently been made is to use a 
polyether in combination with the amincpolycarboxylic acid. 
US-A-4,190,462 disci n ses that barium sulfate scale can be removed 
from remote locations extending into a subterranean earth 
formation by contacting the scale with an aqueous solution 
consisting essentially of water, a monovalent cation salt of a 
monocyclic macroyclic polyether containing at least two 
nitrogen-linked carboxymetnyl groups and enough monovalent basic 
compound" to provide a solution pH of about 8. Similar disclosures 
are to be found in US-A-4,215,000 and US-A-4,288,333. These 
polyether materials have, however, the disadvantage of being 
costly which is a severe drawback for oilfield use where cost is 
a major factor. 

Although many of these known cxmpositions will remove 
scale, the rate of dissolution is slow and the amount of scale 
dissolved is small. 

We have now found a way of removing barium sulfate scale 
using various novel combinations of scale-removing agents. These 
combinations are capable of removing scale at markedly higher 
speeds than prior scale-removing compositions and are also 
capable of removing relatively more scale for a given quantity of 
solvent. Ihey are, moreover, relatively cheap and are therefore 
well suited to use in oilfield operations. 
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Broadly, the invention relates to a composition and 
method for dissolving an alkaline earth metal sulfate scale, in 
a broad aspect the conpositian canprises: 

(a) an aqueous solution having a pH of from 
substantially 8 to substantially 14; 

(b) a chelating agent comprising an aminocarboxyiic 
acid, polyaminccarboxylic acid, polyamine, salts thereof, or 
mixtures thereof; and 

(c) a scale-dissolving quantity of a synergist or 
catalyst. 

Furthermore, in a broad aspect the method comprises 
contacting the scale with an aqueous solution having a pH of 
substantially 8 to substantially 14, which solution canprises: a 
chelating agent comprising an aminocarboxylic acid, a 
pclyaminocarboxylic acid, a polyamine, a salt thereof, or 
mixtures thereof, and a scale-dissolving quantity of a synergist. 

The aqueous solution is contacted with the scale for a 
time and at a temperature sufficient to dissolve it. 

In one aspect of the invention the catalyst is selected 
from a member of the group consisting of anions of organic or 
inorganic acids and mixtures thereof, having an ionization 
constant greater than substantially a pK & of 1. The ionization 
constant advantageously has an ionization constant (Ka) of less 
than substantially icf 2 (te<l(f 2 ) . ihis enables a composition to 
be provided which can dissolve substantially more of the scale 
within a substantially reduced time period than is possible with 
the chelating agent alone. In this aspect of the invention, the 
catalyst may include fluoride anions, oxalate anions, persulfate 
anions, dithionate anions, hypochlorite anions, formate anions, 
thio anions, amino anions, hydroxyacetate anions. The preferred 
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anions in the catalyst are oxalate, thiosulphate, nitriloacetate 
and BcnocarbcKylic acid anions. 

Jn another aspect of the invention the synergist or 
catalyst compri ses oxalate anions, thiosulphate anions, 
nitriloacelate anions or acncarboxylic acid anions. 

m this aspect of the invention the chelating agent is 
advantageously a polyaminocarboxyHc acid car a salt of such an 
acid. 

In both aspects of the invention scale the constituents 
are preferably selected such that about 80% to about 90% of a 
solution level of barium, strontium or calcium sulfate is 
dissolved from powdered scale in about 10 minutes at a 
tenperature of about ioo°c. 

In another aspect the invention provides a method for 
selecting a catalyst suitable for enhancing the dissolution of an 
alkaline earth metal sulphate when used in combination with a 
chelating agent selected from a member of the group consisting of 
an aminccarbcxylic acid, a polyaminbcarbcaylic acid, a polyamine, 
salts thereof or mixtures thereof, conprising: 

selecting said catalyst from anions having a negative 
free energy of reaction for the conversion of barium sulfate to 
barium compound which catalyst provides for substan tially 
increased rates of dissolution of said scale than is possible 
with said agent alone. 

She invention can also be applied to the reduction of the 
ra dio a ct ivity of oilfield tubular goods con tamin ated with 
radium-containing scale of deposited alkaline metal sulfates. 
This method involves contacting the scale or the aqueous solution 
with one of the aqueous compositions described above for a time 
sufficient to remove the scale from the tubular goods. 

In both the above aspects of the invention the 
concentration of synergist or catalyst is usually about 0.01 M to 
about 1.0 M, preferably about 0.5 M, with similar ccncentrations 



WO 90/11972 

PCT/US90/01774 



being appropriate for the primary chelant (the 
polyamiixpolycarfaaxylic acid) . Substantially improved scale 
dissolution rates are obtained when the aqueous solution 
containing the composition is at a temperature of about 25 °C to 
about 100-C, bit higher temperatures are obtainable downhole 
because at greater tarnation depths higher existing pressures 
will raise the boiling point of the aqueous solution, and 
consequently greater scale removal rates may be attained. 

in acoordance with the present invention, alkaline earth 
metal sulfate scales, especially barium sulfate scale, are 
removed by the use of a combination of chemical scale-removing 
agents. The method is particularly useful for the removal of 
such scale from oilfield equipment used to bring oil and/or water 
from subterranean formations to the surface. The method may 
hove, jp, also be used to remove scale from the formations 
themselves, especially in the regions surrounding production and 
injection wells,^ mentioned above, The method may also be used 
to remove scale from above- ground equipment both in the oilfield 
and elsewhere, for example, from boilers and heat exchangers and 
other equipment, exposed to scale-forming conditions. 

Ihe scale itself is usually in the form of an adherent 
deposit of the scale-forming mineral on metal surfaces which have 
been exposed to the water containing the scale-forming 
° ai90nents - components comprise alkaline earth metals 

including calcium, strontium and barium, together with variable 
amounts of radium, depending upon the origin of the waters. As 
noted above, barium sulfate scale is particularly difficult to 
remove by existing chemical methods in view of its very low 
solubility. 

The present scale removal is effected with an aqueous 
solvent which comprises a polyaminopolycarboxylic acid such as 
TO or DIPA as a chelant or chelating agent which is intended to 
form a stable complex with the cation of the alkaline earth 
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scale-fanning material. Of these chelants, DTPA is the preferred 
species since it f arms the most soluble complexes at greatest 
reaction rate, mm may be used but is somewhat less favorable 
and, as noted below, may be less responsive to the addition of 
the catalyst or synergist. Die chelant nay be to the 

solvent in the acid farm or, alternatively, as a salt of the 
acid, preferably the potassium salt. In any event the alkaline 
conditions used in the scale removal process will convert the 
free acid to the salt. 

The concentration of the chelant in the solvent should 
normally be at least 0.1M in order to achieve acceptable degree 
of scale removal. Chelant concentrations in excess of l.o M are 
usually not necessary and concentrations from about 0.3M up to 
about 0.6M will normally give good results; although higher 
concentrations of chelant may be used, there is generally no 
advantage to doing so because the efficiency of the chelant 
utilisation will be lower at excess chelant concentrations, -mis 
economic penalty is particularly notable in oilfield operations 
where large volumes of solvent may be used, especially in 
formation scale removal treatment. 

As noted above, the catalyst is preferably an oxalate, 
thiosulfate, nitriloacetate or monocarboxylic acid anion. 

Die oxalate may be added as the free acid or the salt, 
preferably the potassium salt. If the free acid is used, 
addition of the potassium base to provide the requisite solution 
FH will convert the acid to the salt form under the conditions of 
use. 

Thiosulfate salts, especially sodium tniosulfate or 
potassium tniosulfate provide a suitable source of the 
thiosulfate anion since the acid itself is unstable; these salts 
are, moreover, readily available commercially at reasonable cost. 

Nitriloacetate anions may be supplied by the acid itself, 
which is converted to the salts under the pH conditions employed ', 
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or by the addition of a nitrUoaoetate salt. Nitriloaoetic acid, 
otherwise known as triglycine, NCOLpcH) Jf is an acid which is 
insoluble in water but which readily forms water soluble mono-, 
di-, and tribasic salts from various cations including the alkali 
metals, especially sodium and potassium. Die addition of the 
free acid to the solvent will therefore result in dissolution 
under the pH conditions prevailing. Alternatively, the 
nitriloacstate anions may be added by addition of the 
nitriloacetate salts, especially the sodium or potassium salts, 
in either case, the alkaline conditions will result in the 
formation of the tribasic nitriloacetate anion, N(OLCOO), 3 -, in 
the solvent. The potassium salts are preferred in view of their 
greater solubility and for this reason, the solvent should 
preferably be brought to the desired pH value with a potassium 
base, preferably potassium hydroxide. 

When the catalyst is an anion or anions of at least one 
sttxxarboxylic acid, the acid may be substituted with various 
runctional groups, especially electronegative groups such as 
hydroxyl, amino, halo or mercapto or may be unsuhstituted. The 
lower substituted fatty acids such as the C.-C, substituted fatty 
acids where the substituent is an electronegative group such as 
hydroxy, mercapto, or amino are suitable since they have good 
solubility ija oilfield waters, are readily available and are 
relatively inexpensive. Suitable acids of this type include 
aercaptoacetic acid, aminoacetic acid and hyddxyacetic acid. The 
unsuhstituted fatty acids such as acetic acid and f ormic acrid 
have not been found to provide any major improvement in scale 
removal with DTPA as a chelant and are therefore not preferred. 
»e aromatic cartoxylic acids may alsobeusedwhenthey have an 
adequately high solubility in water. The acid may have 
substituents other than the carbaxyl group on the aromatic 
nucleus, for example, hydroxyl as in salicylic acid which is a 
preferred acid of this type. Other aromatic carbcxylic acids 
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vitb carboxyl groups attach directly to the arcnatic nucleus 
my also be used. -me preferred acids have been found to 
enhance the rate of barium sulfate scale dissolution using 
polyaminopolycarbcaylic chelants, especially DIPA, to a 
significant and useful degree, so that dissolution of oilfield 
scales is usefully accelerated by the use of these cxnpositicns. 

It has been found that the action of the synergist my be 
selective for the chelant. Far example, salicylate produces a 
significant increase in scale removal with the chelant DEPA but 
only a slight improvement with Enm. One use of DIPA is 
therefore favored not only because it generally shows an improved 
propensity in itself to remove the alkaline earth metal sulfate 
scales but also because it exhibits better response to a number 
of these synergists. 

She carboxylate synergist nay be added as the free acid 
or the salt, preferably the potassium salt. If the free acid is 
used, the addition of the potassium base to provide the requisite 
solution pa will convert the acid to the salt form under the 
conditions of use. 

One concentration of the catalyst or synergist in the 
aqueous solvent will be of a similar order to that of the 
chelant: thus, the amount of the synergist anion in the solvent 
should normally be at least 0.1M in order to achieve a 
Perceptible increase in the efficiency of the scale removal, and 
concentrations from about 0.3M up to about 0.6M will give good 
results. Although higher oar^ntratW of the synergic e.g. 
above 1.0 M may be used, there is generally no advantage to doing 
so because the efficiency of the process will be lower at excess 
catalyst concentrations. Again, this economic penalty is 
Particularly notable in oilfield operations. 

3he scale removal is effected under alkaline conditions 
preferably at pH values of from about 8.0 to about 14.0, with 
cptimum values being from about n to 13, preferably about 12 
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She preferred solvents ccnprise about 0.1 to about 1.0 M 
of et^lenedianunetetraacetic acid (EDIA) or 
dLethylemtriaminepentaacetic acid (EEPA) , or salts of these 
acids, as a chelant. In addition, the oxalate, thiosulfate, 
nitriloacetate or carboxylic anion as the catalyst or synergist 
is added to the aqueous solution in about 0.01 to about l.o, 
preferably about up to 0.5 M. The pH of the solvent is then 
adjusted by the addition of a base, to the desired value, 
preferably to about pH 12. The base my be a hydroxide of 
lithium, sodium, potassium or cesium, but potassium is preferred. 
We have found that it is important to avoid the use of sodium 
cations when operating at high pH values, above pH 8, and 
instead, to use potassium or, alternatively, cesium as the cation 
of the scale-removing agent. Potassium is preferred for economy 
as well as availability. Thus, the normal course of making up 
the solvent will be to dissolve the chelant and the acid 
synergist (or its potassium salt) in the water to the desired 
concentration, after which a potassium base, usually potassium 
hydroxide is added to bring the pH to the desired value of about 
12. Ihis aqueous opposition can be used to renove scale from 
the equipment, or alternatively, pumped into the subterranean 
formation when it is the formation which is to be subjected to 
descaling. 

Die mode of operation of the synergist or catalyst is not 
presently understood. While not desiring to be bound to a 
Particular theory concerning the actual mechanism of its activity 
m converting or dissolving the scale, it is believed that 
adsorption of the synergist or catalyst on the barium sulfate 
surface may modify the surf ace crystal structure in such a way 
that the barium in the modified crystal is easily removed by the 
chelating agent. 

B» aqueous solution containing the composition can be 
directed down a wellbore to remove barium sulfate scale which has 
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fouled the tubular equipment e.g. piping, casing etc., and 
passage ways. Prior to being directed into the wellbare, the 
cxaposition nay be heated to a temperature between about 25°C to 
about lOO'C. , although the temperatures prevailing dowrihole may 
make pre-heating unnecessary. Once within the tubular goods and 
the passageways requiring treatment, the composition is allowed 
to remain there for about ten minutes to about 7 hours. After 
remaining in contact with the equipment for the desired time, the 
composition containing the dissolved scale is produced to the 
surface and may be disposed of as required, possibly by 
re-injection into the subsurface formation. Bus procedure can 
be repeated as often as required to remove scale from the 
equipment. 

m one procedure for circulating the solvent through the 
tubular goods in the well the solvent is pumped down through the 
production tube and returned to the surface through the annular 
space between the production tubes and the casing (or vice 
versa) . Also, the cleaning solution may be pumped down through 
the production tubing and into the formation, thereby cleaning 
the well, including the well casing, and the formation pare space 
by dissolving barium sulfate present as it flows over and along 
the surfaces that need cleaning, line spent composition 
containing the dissolved, completed barium together with any 
other alkaline earth metal cations which may have been present in 
the scale, especially radium, can be subsequently returned to the 
surface, for example, by displacement or entrainment with the 
fluids that are produced through the well after the cleaning 
operation. In an alternative manner, the cleaning solution may 
be applied batchwise fashion, for example, by flowing the 
solution into the well and optionally into the pare spaces of the 
adjacent earth formation and there keeping the solution in 
contact in non-flowing condition with the surfaces that are 
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covered with barium sulfate scale, far a period of time 
sufficient to dissolve the scale. 

She present scale removal technique is very effective far 
Win? residual radioactivity of pipe contaminated with 
^-containing barium sulfate scale. As noted above, radium 
is frequently precipitated with barium in scale with the result 

* 0ften radioact * e to the point that it cannot 
safely be used. Usrng the present scale removal compositions 
activity can be reduced to an acceptable level in cccparatively 
short tomes without further treatment. Sane residual activity 
aro^ from lead and other radio-isotopes which are not dissolved 
in the solvent: these isotopes are decay products of radium and 
have orogrnally been Wporated in the scale with the barium 
and the radium sulfates. Although they are rot removed 
*emically by the present scale removal technique, the 
dissolution of the barium scale together with the other aUcaline 
earth metal sulfates enables these other exponents of the scale 

orwir^^^^^'^^ 16 '^ scrubbing with 
or without a detergent/water scrub solution. In this way the 

r-idual activity level may be reduced to a very low va^ f below 
«»~-- ™*****y*^- ^,*usir*th.pre^T 
^cal scale removal technique in oc^ination with a si^le 
^chamcal removal of loose, ncn^dherent material, previously 
radxoactxve pxpe may quickly and readily be restored to useful 
safe condition. ^' 

wh . cJi: Referen ° e is new made to the accompanying drawings in 

^^ure i is a graph which depicts the dissolution 
efficiency of barium sulfate as a function of ligand 
concentration; 

ngUre 2 ^ a graph which depicts the free energy of 
reaction for barium sulfate conversion at 25°C; 
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Figure 3 is a graphical representation of the rate of 
barium sulfate dissolution in the presence of a solution having a 
pH of 12, 0.5 M DEPA, and varying oonoentrations of an oxalate 
catalyst at a temperature of 100°C. 

Figure 4 is a graph which shows the effect of chelant 
concentration on the rate of barium sulfate disso lut io n; 

Figure 5 is a graphical representation of the rate of 
barium sulfate dissolution in 0.5 M EDIA with catalysts of 0.5 M 
oxalate, 0.5 M potassium fluoride and 0.5 M potassium acid 
tartrate; 

Figure 6 is a graph depicting the rate of barium sulfate 
dissolution in 0.5 M DTPA with catalysts of 0.5 M potassium 
fluoride, 0.5 M oxalate, and 0.5 M potassium acid tartrate at 
25°C. 

Figure 7 is a graph which shows the rate of dissol ution 
of b a r i u m sulphate in various solvents; 

Figure 8 is a graph which depicts the rate of barium 
sulfate dissolution in 0.5 M DTPA with catalysts of 0.5 M 
potassium fluoride and 0.5 M oxalate at various temperatures; 

Figure 9 s a graph which shows effect of tenperature on 
the rate of barium sulfate dissolution, 

Figure 10 is a graph which shows the respective rates of 
dissolution of various sulfate species on a chelant-containing 
solvent, 

Figure 11 is a graph which shows the respective rates of 
dissolution of various barium sulfate species in a 
chelant-containing solvent, 

Figure 32 is a graph which shows the low r esidual rates 
of radioactivity which may be achieved for contaminated oilfield 
pipe by use of the present scale removal process. 

Figure 13 is a graph which shows the rate of dissolution 
of barium sulfate in solutions of OTPA containing various 
substituted acetic acids as synergists. 
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Figure 14 is a graph which shews the rate of dissolution 
of barium sulfate in solutions of OT?A containing salicylic acid 
as a synergist; and 

Figure 15 is a graph which shows the rate of dissolution 
of barium sulphate in solutions of DEPA containing thiosulphate 
or nitrilooelate anion as a synergist. 

The oppositions and methods according to the invention 
are pa rticularly useful for more efficiently removing barium or 
strontium, sulfate scale from veils, wellstream processing 
equipment, pipelines and tubular goods used to produce oil from a 
subterranean formation. 

In order to ctenenstrate the barium sulfate 
scale^iissolving capacities of the exposition, several aqueous 
solutions have been tested in laboratory tests the results of 
which are described in the discussions which follow. The 
experiinents described below were, except as noted below, carried 
out in a cylindrical glass vessel having a height of 10 cm and an 
internal diameter of 7.5 em. Barium sulfate, or where 
applicable, other solid scale components were added to the test 
solution and agitated with the selected solvents and the rates of 
dissolution and final dissolved concentrations determined. The 
results are reported graphically in the figures. 

As shown in Figure 1, varying concentrations of OTPA and 
HHA are compared with 2.2.2-cryptand which is described in 
US-A-4,215,000. As described, various concentrations of OTPA 
with oxalate and EDTA were compared with the barium sulfate 
dissolution of 2.2.2-cxyptand. The results were obtained at 25 °C 
and demonstrate that DTPA/ctxalate complexes more barium sulfate 
(49 g/1) than 2.2.2-cryptand (37 g/1) . As the dotted lines in 
the graph reveal, OEPA/axalate is substantially more efficient 
than either 2.2.2-cryptand or an EETA chelant at all 
concentrations. Efficiency of a chelant or solvent is defined as 
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the fraction of chelant that is complexed with barium divided by 
the total concentration of chelating agent. 

. ^ amcunt ^ oxalate catalyst utilized in canbination 
with OTPA is not critical, within the limits described above. 
Biis is illustrated in Figure 3 which shows that all 
concentrations of oxalate catalyst from 0.1 to 0.5M contribute to 
the dissolution of 80 to 90 percent of the saturation level of 
barium sulfate within ten (10) minutes of contact. Additionally, 
as demonstrated in Figure 3, the fast rate of dissolution is a 
significant feature of the present scale removal technique. In 
practical allocations of the methods therefore, contact times of 
less than about 4 hours, eg. i or 2 hours, nay be sufficient, 
depending on the scale thickness. Another significant feature of 
the technique is the high equilibrium (saturation) levels of 
dissolved barium, strontium and calcium sulfate scales which are 
obtained in the aqueous solution, making the process particularly 
efficient in terms of solvent utilisation. 

Barium sulfate or other scales dissolved in the solvent 
are influenced by the concentration of chelant used. 3he effect 
of varying the DIPA concentration (100°C) is depicted in Figure 4 
at chelant concentrations from 0.1M to 0.6M. Increased DTPA 
concentration causes an increase in the rate of barium sulfate 
dissolution and the amount of barium sulfate held in the solvent 
It should be noted in particular that the final equilibrium 
concentration of barium sulfate is 60 g/1 which is far in excess 
of the solubility in water alone. 

Figure 5 illustrates the rate of barium sulfate 
dissolution when 0.5 M HJEA is used with 0.5 M catalysts 
including, oxalate, potassium fluoride and potassium hydrogen 
tartrate. Figure 5 also illustrates the barium sulfate 
dissolution rate when 0.5 M Ecra is used alone. The temperature 
of the solvent in which the catalyst is used affects the rate of 
barium sulfate or scale dissolution. Inis is further shown in 
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Figure 6. Here differences in the barium sulfate or scale 
dissolution rate of a solvent containing 0.5 M OTPA is shown when 
the tenperature is maintained at 100«C and 25°C with designated 
catalysts. These catalysts cctprise 0.5 M potassium fluoride, 
0.5 M oxalate and 0.5 M potassium tartrate. 

Effectiveness of an oxalate catalyst is shown with OTPA 
when compared to OTPA alone at 25°C and 100°C. ohis is 
illustrated in Figure 7. OTPA with oxalate at" 25°C has nearly 
the same barium sulfate dissolution rate as OTPA only at a 
tenperature of lOO'C. Examining Figure 7, it is readily apparent 
that the oxalate catalyst caused the difference, mis is 
apparent since the barium sulfate dissolution rate of OTPA with 
oxalate at 25 °C is much greater than the dissolution rate of 
barium sulfate by OTPA alone at 25 °C. As illustrated in Figure 
7, about 90 percent of the scale is dissolved in the lab within 
the first ten minutes of contact, using Powdered BaS04. Much 
slower rates of barium sulfate dissolution are shown when EOTA 
and OTPA are utilized without a catalyst at 25°C. The results 
show that the OTPA/dxalate combination complexes acre barium 
sulfate than OTPA alone and that OTPA is more effective than EOTA 
at both temperatures. Furthermore when the oxalate is present 
with the OTPA, the equilibrium concentration of dissolved barium 
sulphate is reached far more quickly than with either the EOTA or 
the OTPA, which have not achieved equilibrium after 7 hours at 
the termination of the experiment. 

Although catalysts greatly enhance the rate of barium 
sulfate dissolution by OTPA or EOTA, this enhancement varies with 
the particular catalyst employed. Figure 8 illustrates 
graphically the difference in barium sulfate dissolution when 
select ed catalysts are utilized with OTPA. These catalysts 
conprise 0.5 M potassium fluoride at 100°C and 25 °C, and 0.5 M 
oxalate at 25»C. 
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As mentioned above, the rate of barium sulfate scale 
dissolution varies with the solvent conposition utilized. In 
order to determine candidates for use as a solvent, free energy 
calculations far the conversion of barium sulfate to barium 
carbonate were utilized. Ibis is a well known conversion using 
concentrated sodium carbonate solution and solid alkaline earth 
metal sulfates. , Free energy of conversion of barium sulfate to 
barium carbonate is calculated as essentially zero, meaning that 
the conversion is energetically favorable. However, the 
conversion is expected to reach equilibrium with less than full 
conversion of barium sulfate to barium carbonate. This is the 
actual reaction situation with only about 75-80 percent of the 
barium sulfate being converted. Further calculations were made 
using cannon anions, both organic and inorganic. . Some of the 
anions considered are shown in Figure 2 of the free energy graph. 
Those anions with a negative free energy of reaction are 
considered very reactive toward conversion of alkaline earth 
sulfates to the respective barium conpounds. Many of the anions 
are by nature strong oxidizing agents, for example, persulfate 
(S 2 0 8 ) , dithionate (S 2 O g ) , and hypochlorite (OO.) , normally would 
not be considered practical for use in a hydrocarbon environment. 
Fluoride (F ) and oxalate (C^ °) anions are found to be very 
active catalysts for ethylened^aiiunetetraacetic acid (HXEA) and 
diethylenetriaminepentaacetic acid (DIPA) or their salts for 
dissolution of barium sulfate, respectively. Experimentally, it 
was determined that the catalysts alone (without EDIA CR DIPA) 
have no scale dissolution properties of their own. 

Oxalic acid or salts are used to obtain oxalate anions. 
Salicylic acid, the precursor to aspirin, is also an effective 
catalyst for dissolution of barium, strontium and calcium 
sulfates in combination with DIPA. Experiments indicate that it 
has a higher rate of dissolution and saturation level than 
oxalate anions. Both oxalic and salicylic acids are canaercially 
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available and are relatively inexpensive. For 0.1 to 0.5 molar 
' cxmcentrations, salicylic acid would add US$5 to US$24 per barrel 
for chemical cost, whereas oxalic acid would contribute from 
about US$2 to US$7 to the cost per barrel. 

Salicylic acid is used to obtain salicylic anions. 
Effective catalyst anions are also obtainable from aminoacetic 
acid (glycine) , glycolic acid (hydroxyacetic acid) , and 
thioglycolic acid (mercaptoacetic acid) . 

One example of a preferred aqueous solvent which can be 
used comprises 0.5M DTPA and 0.3M Oxalic acid adjusted to a pH of 
12 with potassium hydroxide. 

Another example of a preferred aqueous solvent for use 
herein comprises 0.5M EDIA and 0.5M KF adjusted to a pH of 12 
with potassium hydroxide. 

Figure 9 shews that the rate of dissolution of the barium 
sulfate scale is related to temperature, with faster rates of 
dissolution being attained at the higher temperature (0°C.) 

Figure 10 shows the results of a batch test carried with 
scale material removed from field tubing similar to that used in 
a continuous flow loop test in which the test solution was 
circulated. The samples of scale material were added to the 
solvent (0.5M DTOA,0.5M oxalate pH=l2, 0°C.) in a concentration 
equivalent to 60 g./l. of scale. The concentrations of the 
different species dissolved in the solvent at different times 
were determined. The results of the batch tests are shown in 
figure 10 and indicate that in addition to the dissolution of the 
barium, the strontium sulfate also reaches equilibrium 
concentration in a very short time. The results from the flow 
loop tests are similar but with much lower final concentrations. 

Figure 11 shows that the scale removal process is 
effective both with barium sulfate in the powder form and also 
with actual pipe scale/tar mixtures and with barite ore (BaSO ) . 
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Figure 12 shews that the present scale removal technique 
is very effective far lowering residual radioactivity of pipe 
contaminated with radium-^xrrtaining barium sulfate scale. As 
noted above, radium is frequently precipitated with barium in 
scale with the result that scaled pipe is often radioactive to 
the point that it cannot safely be used. A continuous flow loop 
test was used to remove the scale from pipe which was similar to 
that used with Figure 5 and the radioactivity was determined at 
successive times during the test. As shown in the Figure, the 
activity was reduced to an acceptable level after three hours 
without further treatment. It appears, however, that some 
residual activity arises from lead and other radio-isotopes which 
are not dissolved in the solvent (see Fig. 5) ; these isotopes are 
decay products of radium and have originally been incorporated in 
the scale with the barium and the radium sulfates. Although they 
are not removed chemically by the present scale removal 
technique, the dissolution of the barium scale together with the 
other alkaline earth metal sulfates enabled these other 
ccoponents of the scale to be removed by siaple abrasion. For 
Figure 7, the descaled pipe was scrubbed with a soft bristle 
brush using a detergent/water scrub solution. 3he result was to 
reduce the residual activity level to a very low value, below the 
appropriate regulatory standards. Thus, by using the present 
chemical scale removal technique in combination with a single 
mechanical removal of loose, non-adherent material, previously 
radioactive pipe may quickly and readily be restored to useful, 
safe condition. 

As shown in Figure 13, DEPA alone and OTPA with various 
substituted acetic acids were cccpared at 100°C. The results 
demonstrate that the DTPA/carboxylata combination complexes more 
ba r i u m sulfate than depa alone. 

Figure 14 compares the relative rates of barium sulfate 
dissolution using DEPA alone and DEPA in combination with 
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salicylic acid. As shown in the Figure, the addition of salicylic 
acid is effective to almost double the degree of barium sulfate 
dissolution. 

Referring to figure 15, the solvents used ccnprised 0.5M 
DTPA in combination with either 0.5M tniosulfate added as 
potassium thiosulfate, K^, or 0.1M nitriloacetate, added as 
nitriloaoetic acid, with the required pH of 12 attained by the 
addition of potassium hydroxide. She results are reported 
graphically in the Figure. 

As shown in Figure 15, DTPA alone and DTPA with 
thiosulfate and nitriloacetate synergists were compared at ioo°c. 
She results demonstrate that the IOTA/synergist canbination 
ocnplaxes more barium sulfate than DTPA alone, and that 
thiosulfate is slightly sore effective as a synergist than 
nitriloacetate. Although the nitriloacetate catalyst was 
initially less effective than the chelant alone, the final 
equilibrium ooncentration of the dissolved scale component became 
greater at contact tines longer than about 100 minutes, so that 
there is a potential for scale removal with this synergist at 
extended contact tines using this low proportion of the 
synergist. 

Distilled water was used in the tests shown in Figure 15 
and with the majority of the other tests (except the continuous 
flow loop tests) .. Minor decreases in efficiency may be observed 
with tap water and more significant decreases with seawater, e.g. 
about 20 percent decrease with seawater. Bus is reasonably to 
be expected since seawater has interfering ions, e.g. calcium and 
magnesium. Tnese interfering ions cccplex with the chelating 
agent, either DTPA or EDEA, and reduce the overall dissolving 
Power. Additionally, it has been determined that halide ions 
have a negative effect on dissolving power as a function of the 
size of the halide ion. Dissolution rate is increased as the 
halide ion size is reduced and the charge density is increased 
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i.e. in the order of iodide, bromide, chloride and fluoride. 
Fluoride ion enhances the effect of EOTA-based solvents, but not 
OTPA: fluoride inhibits vast IOTA/catalyst solvents. 

As noted above, the effect of cations is also very 
important to the success of the scale solvent, especially when 
added with the sizable portion of caustic required to adjust the 
pH to 12. Dissolution is enhanced as the size of the cation is 
increased, i.e. lithium, sodium, potassium and cesium. Lithium 
and sodium hydroxides in the presence of EDTA, or Dim, and 
catalysts are . not soluble at a pH of 12, the optbnum value. 
Oesium is too difficult to obtain, both in quantity and price. .. 
Dierefare, potassium hydroxide, in the form of caustic potash, is 
the pH adjusting. reagent of choice. 

Another effective chelant is cyclcshexanediaminetetra- 
aretic acid (CDIA), which may be used with any of the synergists 
disclosed hereinabove. CDIA is particularly useful with the 
oxalate anion at a pH of substantially 13. ' 
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CLAIMS 

1. A composition far dissolving an alkaline earth meted, 
sulfate scale comprising: 

a) an aqueous solution having a pH of from 
substantially 8 to substantially 14; 

b) a chelating agent selected from a member of the 
group consisting of aminocarbaxylic acid, polyaminocarbo«ylic 
acid, polyamines, salts and mixtures thereof; and 

c) a catalyst selected from a member of the group 
consisting of anions of organic or inorganic acid s 
and mixtures thereof, having an ionization constant 
of less than substantially lo" 2 (K ft <io" 2 ) . 

2. a composition according to ft»-H l wherein the 
chelating agent is EDTA or DTPA and the catalyst comprises 
fluoride, oxalate, persulfate, dithionate, hypochlorite, formate, 
tbio, amino, and/or hydroxy acetate anions. 

3. A composition according to Claim l wherein the pH is 
adjusted to about 12 with potassium hydroxide, the chelant 
comprises IDEA and the catalyst comprises fluoride anions. 

4. A composition according to Claim 1 wherein the pH is 
adjusted to about 12 with potassium hydroxide, the chelant 
comprises etpa and the catalyst comprises oxalate anions. 

5. A conposition according to Claim 1 wherein the pH is 
adjusted to about 12 with potassium hydroxide, the chelant 
comprises DTPA and the catalyst comprises formate anions. 
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6. A (repos ition according to Claim 1, wherein the 
catalyst comprises oxalate, thiosulfate, nitriloacetate or 
fflonocarbcaylic anions; 

7. A ccnpositian far dissolving an alkaline earth metal 
sulfate scale comprising: 

(a) an aqueous solution having a pH of from 
substantially 8 to substantially 14; 

(b) a chelating agent comprising 
polyaminopolycarboxylic acid or a salt of such an acid; and 

(c) a synergistic scale-dissolving quantity of 
oxalate, thiosulfate, nitriloacetate or marxxarboxylic acid 
anions. 

8. A cccposition according to Claim 1 or 7, wherein the 
pH is obtained by the addition of hydroxides of lithium, sodium, 
potassium or cesium. 

9. A composition according to Claim l or 7 which is 
heated to a temperature of from substantially 25°C to 
substantially 100»C or higher depending upon the depth to which 
said ccnpositian is to be injected into a subterranean formation. 

10. A ccnpositian according to Claim 1 or 7 wherein the 
. c hel a t ing agent is DTPA. 

11. A composition according to Claim 1 or 7 wherein the 
PH is obtained by the addition of hydroxides of potassium. 

12. A co mp o s ition according to Claim 1 or 7 wherein the 
chelating agent is present in an amount of 0.1M to l.QM. 
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13. A cxcposition according to riai-m 22 wherein the 
chelating agent in an amount of fran 0.3M to 0.6M. 

14 . A ccnposition according to Claim 1 or 7 wherein the 
synergistic anions are present in a concentration of from 0.2M to 
0.6K. 

15. A composition aorarcLuxr to Claim 14 wherein the 
synergistic anions are present in a concentration of 0.3M to 
0.6M. 



16. A exposition according to Claim 1 car 7 wherein the 
synergist nr npr i soa thiosulfate anions. 

17. a apposition according to 1 or 7 wherein the 
synergist ornp ri ses nitriloacetate anions. 

18. A opposition according to Claim l or 7 wherein the 
synergist emp r ises manocarboxylic acid anions. 

19. A oomposition according to Claim 1 or 7 wherein the 
synergist comp r ises oxalate anions. 

20.. A composition according to Claim 18 wherein the 
synergist emprises anions of a substituted acetic acid. 

21. A composition according to claim 20 wherein the 
substituted acetic acid is nercaptoacetic acid, hydroxyacetic 
acid or aminoacetic acid. 

22. A composition according to Claim 1 or 7 wherein the 
synergist comprises anions of an aromatic carbcxylic acid having 
the carboxyl group attached directly to the aromatic nucleus. 
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23. A ccnposition according to Claim 22 wherein the 
synergist ccnprises anions of salicyclic acid. 

23 . A exposition according to Claim l or 7 wherein the 
pH of the solution is from 10 to 13. 

24. A cenpesition according to niaj^ 23 wherein the pH 
of the solution is substantially 12. 

25. An aqueous cenposition far dissolving alkaline earth 
sulfate scale comprising an aqueous alkaline solution having a pH 
of from substantially 8 to substantially 14, from substantially 
0.05M to substantially 1.0M of a chelating agent comprising a 
polyamincpolycarrxaylic acid or a salt of such an acid, and from 
substantially 0.05M to substantially 1.0M of a synergist 
oonprising at least one anion selected from oxalate, thiosulfate, 
nitriloacetate and mcmocarbcoylic acid to isprove the scale 
removing characteristics of the cenpositian. 

26. A composition according to 2 5 wherein the pH 
is obtained by the presence of a potassium base. 

27. A cenposition according to Claim 25 wherein the 
chelating agent . compri ses OTPA. 

28. A cenposition according to Claim 12 wherein the pH 
is adjusted to a value from substantially 11 to 13 with potassium 
hydroxide, the chelating agent comprises DTPA and the synergist 
anion is present in a concentration of from 0.3M to 0.6M. 

29. A cenposition according to Claim 25 wherein the 
synergist comprises anions of a substituted acetic acid. 
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30. A ccnposition acxxarfing to Claim 29 wherein the 
substituted acetic acid is marcaptoacetic acid, hydraxyacetic 
acid or aminoacetic acid. 

31. A opposition according to Claim 25 wherein the 
synergist apprises anions of an aromatic carboxylic acid having 
the carboxyl group attached directly to the aromatic nucleus. 

32. A canposition according to ci*m 31 wherein the 
synergist comprises anions of salicylic acid. 

33. A method for removing alkaline earth scale 
comprising: 

(a) contacting said scale with an aqueous solution 
havi«, a pH of substantially 8 to substantially 14 which solution 
contains an aminocarboxylic acid, polyaminocarboxylic acid or 
polyamine chelant, salts or mixtures thereof, and a catalyst 
which comprises anions or organic or inorganic acids and mixtures 
thereof, where said acids have an ionization constant of less 
than substantially lo" 2 (K & ^o" 2 ) thereby making a solution 
which can dissolve substantially more scale within a 
substantially reduced time period than is posible with said 
chelant alone; and 

(b) allowing said solution to remain in contact with 
said scale for a time sufficient and at a temperature sufficient 
to dissolve said scale. 

35. a method according to claim 34 wherein the chelating 
agent is . WJA or ram and the catalyst comprises fluoride, 
oxalate, persulfate, oithionate, hypochlorite, formate, thio, 
amino, and/or hydroxy acetate anions. 

\ 
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36 ' A nethod according to Claim 34, wherein the catalyst 

apprises oxalate, tfaiosulfate, nitriloacetate or acnocarboxylic 
acid anions: 



37. A method for removing aDcaline earth sulfate scale 
ootprising contacting the scale with an aqueous solution having a 
P of substantially 8 to substantially 14 and comprising a 
chelating agent comprising a pplyamiirpolycarboxylic acid or salt 
of such an acid, and a synergist anion selected from oxalate 
thiosulfate, nitriloacetate and motxxarboxylic acid to dissolve 



the scale. 



38. A method according to Claim 33 or 37 wherein the 
chelating agent co mpri ses DH>A. 

39. A method according to Claim 38 wherein the DEPA is 
Present in a concentration of from 0.2M to i.om. 

40. A method according to Claim 38 wherein the synergist 
anion is present in a concentration of from o.OM to l.CM. 

41. A method according to Claim 33 or 37 wherein the pH 
of the solution is from u to 13. 

42. A method according to Claim 41 wherein the pH of the 
solution is substantially 12. 

43. A method according to Claim 33 or 37 wherein the 
scale is contacted with the solution at a temperature from 25 °C 
to 100'C, or higher depending upon the depth to which the 
composition is injected into a subterranean location. 
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44. A method according to Claim 33 or 37 vherein the 
scale is contacted with the solution for a tune up to 4 hours. 

45. A method according to Claim 33 or 37 wherein the pH 
of the solution is provided by the use of a potassium base. 

46. A method according to Claim 45 wherein the potassium 
base is potassium hydroxide. 

47. a method according to claim 33 or 37 wherein the 
scale comprises barium, strontium or calcium sulfate or mixtures 
thereof. 

48. A method according to claim 33 or 37 wherein 
substantially 80% to 90% of a saturation level of barium, 
strontium or calcium sulfate is dissolved from the scale in 
substantially 10 minutes at a temperature of substantially 100«C. 

49. A method according to Claim 33 or 37 wherein the 
solution is directed down a cased walllbore, from which the scale 
as dissolved and subsequently dissolved scale is removed from the 
vellbare. 

50. A method according to Claim 33 or 37 wherein the 
solution is contacted with a subsurface formation to remove scale 
from the formation. 

51. A method according to Claim 33 or 37 Wherein the 
sulfate scale contains radium. 

52. A method according to Claim 37 wherein the synergist 
comprises anions of a substituted acetic acid. 
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53. A method according to Claim 52 wherein the 
substituted acetic acid is mercaptoacetic acid, hydroxyacetic 
acid or aminoacetic acid. 

54. A method acxxarding to Claim 37 wherein the synergist 
comprises anions of an aromatic carboxylic acid having the 
carboxyl group attached directly to the aromatic nucleus. 

55. A method according to Claim 54 wherein the synergist 
oonprises anions of sail cyclic acid. 

56. A method for reducing the radioactivity of oilfield 
tubular goods contaminated with radioactive, radium-containing 
scale or deposited alkaline earth metal sulfates, comprising 
contacting the scale on the tubular goods with an aqueous 
composition for dissolving alkaline earth sulfate scale 
comprising an aqueous alkaline solution having a pH of from 
substantially 8 to substantially 14, from substantially 0.05M to 
substantially l.CM of a chelating agent comprising a 
polyamincpolvcarboxylic acid or a salt of such an acid, and from 
substantially 0.05M to substantially l.CM of a synergist anion 
selected from oxalate, thiosulfate, nitriloacetate and 
rorxxsufcoxylic acid anions to improve the scale removing 
characteristics of the composition, for a time sufficient to 
remove the scale from the tubular goods. 

57. A method accarding to claim 56, wherein the 
synergist is thiosulphate or nitriloacetate, and the pH is 
between substantially 11 and substantially 14. 

58. a method according to Claim 56 wherein the chelating 
agent comprises IOTA in a concentration of from 0.1M to i.cm, the 
synergist is in a concentration of from 0.1M to l.CM, and the pH 
is from 11 to 13 provided by potassium hydroxide. 
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59. A method according to Claim 56 wherein the tubular 
goods are subjected to mechanical abrasion after removal of the 
scale by the solution. 

60. A method according to Claim 56 wherein the scale is 
contacted with the solution at a temperature of from 25»C to 
100°C. 



61. A method for selecting a catalyst suitable for 
enhancing the dissolution of an aUaline earth metal sulfate 
scale when used in combination with a chelating agent selected 
from a member of the group consisting of aminocarboxyUc acid, 
polyaminocarboxylic acid, polyamines, salts or mixtures thereof 
comprising: 

selecting said catalyst from anions having a negative 
free energy of reaction for the conversion of barium sulfate to 
barium compound which catalyst provides for substantially 
increased rates of dissolution of said scale than is possible 
with said agent alone. 

62. A method according to Claim 61 wherein said 
chelating agent is EDEA or DXPA, salts and mixtures thereof. 

63. a method according to Claim 61 wherein said scale is 
bari u m sulfate. 

64. S method according to Claim 61 wherein said catalyst 
comprises fluoride, oxalate, persulfate, dithionate, 
hypochlorite, and formate anions, also thio, amino, and/or 
hydroxy acetate anions. 



BNSDOCID: <WO 80UB72AIJ.. 



wo 90/itm 



PCT/US90/01774 



32 

65 ' A nethod acoardinj to Claim 61 wherein said catalyst 

cxuprises cxylate, thicsulftoate, nitriloaoetate or nonocartoxylic 
add anions. 
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